. The enzymatic activity of both isoforms is inhibited by aspirin and other nonsteroidal antiinflammatory drugs (NSAIDs) (Marnett, 1992; Meade et al., 1993) . The gastric side effects associated with intake of these drugs in humans is thought to be related to inhibition of COX-1 (Eberhart and DuBois, 1995) , but the clinical effects related to COX-2 inhibition have not been fully evaluated (Klein et al., 1994; Seibert et al., 1994 et al., 1994; Greenberg et al., 1993; Thun et al., 1991 Thun et al., , 1993 .
The mechanism for reduction of colorectal cancer by NSAlDs is not clear, but NSAlDs are potent inhibitors of tumor formation in rodent models of chemically induced colon cancer (Reddy et al., 1987 (Reddy et al., ,1990 (Reddy et al., ,1992 (Reddy et al., ,1993 , and treatment of familial adenomatous polyposis (FAP) patients with NSAlDs results in a reduction in the number and size of adenomas present in the large intestine (Giardiello et al., 1993; Waddell et al., 1989; Waddell and Loughry, 1983; Winde et al., 1993) . Also, one NSAID, sulindac, was recently reported to increase the rate of programmed cell death in the colonic epithelium of FAP patients (Pasricha et al., 1995) . In a separate study, NSAlDs were also shown to induce apoptosis in chicken embryo fibroblasts (Lu et al., 1995 After the plates were incubated at 37% for 45 min, the wells were washed to remove unattached cells. Attached cells were incubated for 1 hr in dipase and resuspended, and cell counts were determined with a hemocytometer. Five independent clones from each group were tested for phenotypic differences, and they all demonstrated the identical phenotype (data not shown Down-regulation of E-cadherin has been reported to occur in multiple solid tumors (Mayer et al., 1993; Shimoyama and Hirohashi, 1991a, 1991b; Shiozaki et al., 1991) and is closely related to invasion (Sommers et al., 1991) . Additional evidence supports the idea that E-cadherin may act as an invasion-suppressor gene (Behrens et al., 1989; Frixen et al., 1991; Oka et al., 1993 into a nontransformed RIE cell line (RIE-1) using a Lipofectin (GIBCO-BRL) transfection method (DuBois et al., 1994b) , and the cells were selected in medium containing hygromycin B (225 U/ml). Total RNA was prepared from the cells transfected with senseoriented expression vector and evaluated using Northern slot blot analysis. Five clones (SlO, S99, S123, S132, and S146) expressing the highest level of COX-2 RNA were identified from 225 initial clones and expanded.
We characterized all five clones and found that they all exhibited the identical phenotypic and biochemical alterations. Therefore, the results of our studies using the RIE-SlO clone are presented here. The RIE cells transfected with antisense expression vector (RIE-AS) were evaluated in a similar manner. It is important to note from previous studies that RIE cells have undetectable levels of COX-7 mRNA and protein (DuBois et al., 1994a) .
Western
Blotting To confirm the expression of COX-2 in sense-transfected cells, Western blot analysis and COX enzyme assays were done. RIE cells transfected with the sense-and antisense-oriented COX-2 cDNA were grown in DMEM supplemented with 10% fetal bovine serum (FBS). The cells were harvested and lysed in RIPA buffer (PBS, 1% NP-40, 0.5% sodium deoxycholate, 0.1% SDS, 100 rig/ml PMSF, 66 nglml aprotinin). Samples containing 100 Kg of cell lysate protein were separated on 12.5% SDS-polyacrylamide gels. Total protein was assayed using protein assay reagent (Pierce, catalog number 23225). COX-2 protein levels were detected by using a rabbit polyclonal antibody (DuBois et al., 1994a) catalog number 40235) and resuspended, and cell counts were determined using a hemocytometer. For cell culture on Matrigel, 4 x lo5 of RIE-S, RIE-P, and RIE-AS transfected cells were plated into 24-well plates coated with Matrigel. At various time intervals, cells were washed with PBS and incubated in dipase for 1 hr. The cells were resuspended, and cell counts were determined using a hemocytometer.
Alkaline Phosphatase Activity Alkaline phosphatase activities of the cells were determined as a marker of cell differentiation. Culture on Mafrigel We plated 1 x lo6 cells of each group on each 10 cm2 well coated with Matrigel. After 24 hr, the cells were washed with PBS and cultured for an additional 48 hr in the presence of various concentrations of sulindac sulfide (with media changes every 12 hr). Following this incubation period, the culture media were removed, and the culture plates were incubated with 0.5 ml of Dipase (Collaborative Research) for 45 min. After the cells were washed twice with TBS (10 mM Tris-HCI, 150 mM NaCI), they were lysed in a 200 trl of TBS containing 0.25% sodium deoxycholate for 30 min at room temperature. The lysate was then centrifuged at 10,000 x g for 15 min at 4'C. Alkaline phosphatase activity was measured at 30°C using a commercial alkaline phosphatase kit (Sigma Chemical Company, catalog number 245-10).
Culture in Media Containing
Sodium Butyric Acid Confluent cells of each group were established in 10 cm2 wells and cultured in the media containing 5 mM sodium butyrate and various concentrations of sulindac sulfide for an additional 96 hr (with media changes every 12 hr). The cells were washed with TBS prior to harvest. Apoptosis Culture on Matrigel We plated 1 x lo6 cells of each group (RIE-P, RIE-AS, and RIE-S) on 10 cm2 wells coated with Matrigel, and after 24 hr of culture, the cells were washed with PBS. The media was replaced, and the cells were cultured for an additional 72 hr and various concentrations of sulindac sulfide were added (with media changes every 12 hr).
Sodium Butyric Acid Confluent cell cultures were established in 10 cm* wells, and the medium was replaced with fresh medium containing 5 mM of sodium butyrate and various concentrations of sulindac sulfide every 12 hr. After 96 hr, the percentage of floating cells was calculated. DNA was extracted from RIE cells cultured on Matrigel or treated with 5 mM sodium butyrate and analyzed on a 1% agarose gel. Nuclei of floating cells and attached cells were stained with a DNA-specific fluorochrome bis-benzimide trihydrochloride (Hoechst 33258: Sigma Chemical Company).
After fixing cells with glutaraldehyde, cells were stained in 167 WM bis-benzimide and observed under fluorescent microscopy.
Cells with three or more chromatin fragments were considered apoptotic.
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